Purpose: The purpose of this study was to assess the accuracy, sensitivity, and specificity of the diagnosis of incipient furcation involvement with periapical radiography (PR) and 2 cone-beam computed tomography (CBCT) imaging protocols, and to test metal artifact interference. Materials and Methods: Mandibular second molars in 10 macerated pig mandibles were divided into those that showed no furcation involvement and those with lesions in the furcation area. Exams using PR and 2 different CBCT imaging protocols were performed with and without a metallic post. Each image was analyzed twice by 2 observers who rated the absence or presence of furcation involvement according to a 5-point scale. Receiver operating characteristic (ROC) curves were used to evaluate the accuracy, sensitivity, and specificity of the observations. Results: The accuracy of the CBCT imaging protocols ranged from 67.5% to 82.5% in the images obtained with a metallic post and from 72.5% to 80% in those without a metallic post. The accuracy of PR ranged from 37.5% to 55% in the images with a metallic post and from 42.5% to 62.5% in those without a metallic post. The area under the ROC curve values for the CBCT imaging protocols ranged from 0.813 to 0.802, and for PR ranged from 0.503 to 0.448. Conclusion: Both CBCT imaging protocols showed higher accuracy, sensitivity, and specificity than PR in the detection of incipient furcation involvement. Based on these results, CBCT may be considered a reliable tool for detecting incipient furcation involvement following a clinical periodontal exam, even in the presence of a metallic post. (Imaging Sci Dent 2017; 47: 17-24)
Introduction
Furcation involvement is defined as the "pathologic resorption of bone within a furcation," 1 and is the result of a progression of periodontal disease into the interradicular area of molar teeth. Furcation involvement may be classified as class I (incipient lesions), corresponding to periodontal loss of less than 3 mm between the buccal and lingual surfaces of the root; class II, defined as periodontal loss of 3 mm or greater, but not exceeding the whole distance between the buccal and lingual surfaces of the root; and class III, exhibiting total loss of periodontal/ bone tissue in the furcation area. 2 Furcation involvement is considered to be one of the most important prognostic factors for the loss of molars. 3, 4 Treatment of furcation involvement represents a challenge to clinicians due to the anatomy of the furcation 5, 6 and the limited physical access to the area. Therefore, it is often appropriate for early manifestations of these lesions to be evaluated and managed by a periodontist.
Detection of furcation involvement using periapical radiography and 2 cone-beam computed tomography imaging protocols with and without a metallic post: An animal study
Proper diagnosis of furcation involvement is essential for the definition of an appropriate treatment plan and the establishment of prognosis of the involved tooth. Traditionally, the gold standard diagnosis of furcation involvement is based on clinical examination with a Nabers probe and the imaging method applied is periapical radiography (PR). 7 PR is a 2-dimensional imaging technique. This form of exam might not be accurate enough for the assessment of furcation involvement, mainly as a result of image overlay and a consequent lack of sufficient information. 8 Cone-beam computed tomography (CBCT) is another imaging modality that can be used in dentistry. CBCT imaging provides a 3-dimensional image, without superimposition of anatomic structures. This exam is commonly used in dentistry because of its high diagnostic accuracy 9, 10 and high image quality.
One of the most frequent limitations in using CBCT for diagnostic purposes is the presence of a metallic artifact. Endodontically treated teeth present intracanal metallic posts, and dental implants may produce artifacts in CBCT images. 11 These artifacts are represented by radiopaque, radiolucent, and bright tracks that can overlap the teeth 12 or bone and mimic bone loss. 13 Previous studies have compared images in which metallic posts are present or absent, 11, 12 different metallic post compositions, 14 metallic and fiber posts, 15 and PR or CBCT imaging for tooth fracture diagnosis. 16 In all studies, the artifacts created by the presence of the posts reduced the diagnostic accuracy of the observers. Thus, the aim of this study was to assess the accuracy, sensitivity, and specificity of the diagnosis of incipient furcation involvement (class I) with the presence or absence of intracanal metallic posts, comparing PR and 2 different CBCT imaging protocols in macerated pig mandibles.
Materials and Methods

Selection of specimens
This study was submitted to the Ethics and Research Committee of our institution and approved under protocol no. 104/2010. Ten dry mandibles of young adult domestic pigs were used. Before the simulated lesions were created, the specimens were clinically assessed and CBCT images were analyzed to evaluate whether they had any original bone defect that could be misinterpreted in the ensuing diagnostic imaging exam. 17, 18 If a specimen had an original bone defect, it was excluded from the study.
Simulating bone lesions in the furcation region
Simulated lesions were created in the furcation region of both mandibular second molars in the buccal or lingual aspects of the bone (Fig. 1) , in order to blind the observer on the location of the bone lesion.
One of the authors applied a 2-mm cotton pellet soaked in 70% perchloric acid (Merck Chemicals, Darmstadt, Germany), in order to create furcation lesions. The pellets were kept in contact with the bone for 2 hours. After each application, the mandibles were washed for 1 minute under tap water to remove all perchloric acid from the bone, according to a methodology used in previous studies. 13, 17, 18 Lesions up to one-third of the lingual-buccal distance of the second molar furcation 19 were created to simulate incipient bone loss caused by periodontal disease at an early stage. Afterwards, a cobalt-chromium metallic post was inserted into either the buccal or the lingual root canal. If the simulated lesion was created in the buccal aspect of the bone, the metallic post was inserted into the buccal root canal; the same methodology was applied for the lingual root canal. 
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Image acquisition
The same co-author who created the furcation lesions performed the CBCT and PR imaging of the mandibles. The CBCT images were acquired using ProMax 3D Max (Planmeca, Helsinki, Finland). Two acquisition protocols were selected for this study: (1) standard, with 96 kVp, 12 mA, 400 frames (number of projections), a 5-cm × 5.5-cm cylindrical field of view (FOV), a 0.2-mm voxel size, and 10.8 mGy (value given by the machine); and (2) high definition (HD), with 96 kVp, 12 mA, 500 frames (number of projections), a 5-cm × 5.5-cm cylindric FOV, a 0.15-mm voxel size, and 13.7 mGy (value given by the machine). The CBCT images were obtained with the axial plane oriented parallel to the mandible base, simulating the position that would be used in a clinical setting.
Digital periapical radiographs were acquired using a size 2 (31-mm × 41-mm) digital photostimulable phosphor plate (Digora, Soredex, Milwaukee, WI, USA) aligned parallel to the second molar and taken with an intraoral X-ray machine (Dabi Atlante, Ribeirão Preto, Brazil) with exposure settings of 70 kVp, 7 mA, and 0.4 seconds. In each case, the object-to-source distance was 30 cm.
The imaging acquisitions were performed on 2 different occasions: before the lesion simulation (control group, n = 20) and after the lesion simulation (test group, n = 20). Thus, an equal number of CBCT images and periapical radiographs of second molars with a mesiopalatal canal were obtained. In all situations, a 2-cm-thick wax plate was placed in the mandible to attenuate the X-ray beam and promote soft tissue equivalence.
Periapical and CBCT image evaluation
Two blind observers with experience in interpreting CBCT images and periapical radiographs were trained and calibrated on the radiographic and tomographic features of furcation involvement. They were not involved in the process of creating the lesions and in the imaging acquisition.
The observers were asked to assess the mandibular second molar region and to identify the absence or presence of furcation involvement. They analyzed the periapical radiographs and the reconstructed CBCT images (axial, coronal, and sagittal, simultaneously) using a basic viewer from OsiriX MD 1.2 (64-bit, Pixmeo, Geneva, Switzer- A second assessment of the same images using the same rating procedure was repeated within a 14-day interval by the same observers, in order to determine the reproducibility of the observations.
Data analysis
Statistical analysis was carried out using the kappa test (SPSS version 17.0.0; SPSS Inc., Chicago, IL, USA). The values for the kappa coefficient (κ) were calculated to assess intraobserver and interobserver agreement, which were classified according to the following criteria: slight agreement, 0.0-0.20; fair agreement, 0.21-0.40; moderate agreement, 0.41-0.60; good agreement, 0.60-0.80; excellent agreement, 0.81-1.00. 20 The sensitivity, specificity, and accuracy of the 2 CBCT imaging protocols and PR were calculated, with and without the presence of the metallic post. All the responses were tabulated with the criterion standard (obtained through a visual analysis of the macerated mandible) and plotted into a web-based calculator for receiver operating characteristic (ROC) curves. 13 The areas under the ROC curves (AUC) in the protocols were compared by using the Mann-Whitney test (Wilcoxon Rank-Sum test), adopting p≤.05 as the cut-off for statistical significance (Bioestat version 5.3, Instituto Mamirauá, Tefé, Brazil). Table 1 shows the individual values of sensitivity, specificity, and accuracy for each observer in both observations (1 and 2) in each image type. For the HD protocol, the accuracy ranged from 67.5% to 82.5% in the images with a metallic post and from 72.5% to 80% in the images without a metallic post. For the standard protocol, the accuracy ranged from 72.5% to 82.5% in the images with a metallic post and from 72.5% to 77.5% in the images without a metallic post. The accuracy of PR ranged from 37.5% to 55% in the images with a metallic post and from 42.5% to 62.5% in the images without a metallic post. The values for the CBCT images were higher than the values for the periapical radiographs. Table 2 shows the individual and averaged observers' AUC values with respect to the image type used. For the detection of furcation defects, the HD protocol (AUC = 0.802±0.072) provided detection rates equal to the standard protocol (AUC = 0.804±0.015) and a higher detection rate than PR (AUC = 0.448±0.172) in the samples with a metallic post. For the samples without a metallic post, the trends were similar among the HD protocol (AUC = 0.813±0.048), the standard protocol (AUC = 0.789±0.030), and PR (AUC = 0.503±0.214). In the presence of a metallic post, the AUC values of both CBCT imaging protocols were significantly higher than those of the periapical radiographs. The HD protocol was significantly superior to periapical radiographs in the absence of a metallic post. There was no significant difference between the standard protocol and periapical radiographs in the absence of a metallic post. Furthermore, there was no significant difference between the CBCT imaging protocols, with or without a metallic post.
Results
The interobserver and intraobserver agreement values HD, high definition; Obs. observer; Se, sensitivity; Sp, specificity; Ac, accuracy are shown in Table 3 . The kappa value ranged from fair to moderate (0.35 to 0.54) for the HD protocol, fair to excellent (0.35 to 0.84) for the standard protocol, and slight to moderate (0 to 0.59) for the periapical radiographs.
Discussion
The early diagnosis of a furcation defect is paramount in determining the treatment plan for the tooth, as diagnosis can prevent eventual tooth loss. For this reason, furcation defect class I (incipient lesions) were chosen for the present study. Incipient lesions always precede furcation defects and must be identified first through a clinical periodontal exam 21 and confirmed using CBCT imaging. 22 A clinical periodontal exam is important for identifying the suspect area of the lesion and determining the area to be scanned. The chosen CBCT imaging protocol should be one with a small FOV, covering only the region of interest. This imaging modality provides better information on the size, shape, and location of the lesion when compared to a periapical radiograph. These data can provide valuable information for clinical diagnosis, helping in treatment planning, 18 and may aid in the avoidance of redundant surgical or endodontic interventions. 23 Furthermore, periapical radiographs, also included in this study, may serve as a supplementary procedure to the clinical examination. 7, 21 Pigs are considered a good animal model to represent the human craniofacial region for study. Their anatomy, morphology, and bone density in this region are similar to those of humans. This makes swine mandible bone a good sample material for radiological studies. 24, 25 Umetsubo et al. 18 developed the methodology for simulating chemical bone lesions in the furcation region. However, in our study, periapical radiographs were added to compare the results with those of the CBCT exam. Our accuracy levels (67.5% to 82.5%) were similar to those of other study authors (78% to 88%), which demonstrates the efficacy of CBCT. The diagnosis accuracy ranged from 65% to 82.5% for the HD protocol and from 70% to 82.5% for the standard protocol. These accuracy values showed no significant difference between CBCT imaging with or without metallic artifact, suggesting that, for incipient furcation in- volvement, CBCT imaging can be accurately used as a diagnostic tool even in the presence of a metallic intracanal post, as demonstrated in Figure 3 . Graetz et al. 4 analyzed bone loss using PR exams and panoramic radiographs. The performance of these 2 imaging exam protocols did not show sufficient accuracy. Therefore, the authors suggested combining clinical and radiographic evaluations. In our study, the accuracy in PR exams ranged from 37.5% to 62.5%. A PR exam results in an inherent superimposition of other structures 12 such
as the cortical bone and anatomic structures, which complicates the visualization of furcation defects. In our research, PR showed serious limitations in diagnosing furcation defects, and the imaging accuracy was lower than CBCT. These results reflect the limitations of 2-dimensional exams. Bone defects and furcation involvement are usually better depicted with CBCT imaging than with PR. 26 Bone lesion observation with a PR image of 2-rooted or 3-rooted teeth is complicated, since an eventual superimposition of anatomic structures 27 and the thickness of cortical bone can influence the visualization of the images. 28 Qiao et al. 29 performed measurements to investigate the accuracy of CBCT imaging in assessing maxillary molar furcation involvement and compared this to results obtained at the time of furcation surgery. The CBCT and intrasurgical assessments presented a strong agreement. 29 Our findings accord with those results. CBCT demonstrated high accuracy in assessing the loss of periodontal tissue in areas with incipient furcation involvement and in the classification of furcation involvement. Although our study was conducted in animals, the CBCT results obtained in this clinical study for the diagnosis of furcation involvement were accurate. There are different acquisition and post-acquisition protocols for CBCT imaging. Specific characteristics of different CBCT imaging protocols may influence the quality of a computed tomographic scan and the radiation dosage delivered to the patient. 30 In this study, 2 different CBCT imaging protocols were used: HD and standard. Each protocol had a different voxel size, number of frames, and acquisition time; however, the FOV size for both protocols was equal. The appropriate selection of CBCT acquisition parameters in the postoperative assessment of the images for diagnosis is important for determining image quality and the radiation dose. 13 The selected FOV size, voxel thickness, number of frames, kVp, and mA can directly influence CBCT image quality, with implications for specific diagnoses. 9, 13, 27 These parameters influenced the signal-to-noise ratio. In our study, we used a small FOV and the 2 smallest voxel sizes available in the CBCT scan to analyze the furcation area and obtained good results in both protocols. Accordingly, Salineiro et al. 11 observed that proportional FOV and voxel size resulted in better diagnosis results. The 2 protocols used in this study were similar in confirming furcation defects. Both protocols attained high levels of sensitivity, specificity, and accuracy, while the comparison among the AUCs showed no statistically significant difference between the CBCT imaging protocols, and the kappa values for the standard protocol were excellent. Thus, these results suggest that the higher radiation dose in the HD protocol may be an unnecessary patient risk, given that the standard protocol resulted in an equally high accuracy level using a smaller radiation dose. According to the "as low as reasonably achievable" (ALARA) principle, it is better to obtain radiographic images with enough quality at the lowest possible radiation dose to the patient. Therefore, the CBCT standard imaging protocol with a small FOV has sufficient quality for furcation involvement diagnosis at a lower dose than the HD protocol.
Artifact strikes have a negative influence in CBCT images. In the presence of metallic posts, sensitivity, specificity, and accuracy levels decreased 5.0% in comparison to furcation defects without a metallic post using both CBCT and PR exams. In CBCT imaging, the influence of metallic artifacts was minimal. This must have occurred due to the distance between the object that caused the artifact and the furcation area. Benic et al. 31 reported a decrease in artifact strike intensity when the distance from the object that caused the interference increased. In PR images, the metallic post did not overlap the furcation region. Aljehany et al. 26 analyzed 3 different voxel sizes for the assessment of periodontal furcation involvement. The authors concluded that larger voxel size reduced the accuracy of the assessment of periodontal furcation involvement, but not to a significant extent. This study did not use the full range of CBCT volume to make a diagnosis; 6 images of each tooth were selected for the observers. The image selection could induce bias in this study, because the observer already had the best images of the lesion.
In conclusion, both CBCT imaging protocols showed higher accuracy, sensitivity, and specificity than periapical radiographs in the detection of incipient furcation involvement, even in the presence of a metallic post. Based on these results, CBCT can be considered a reliable aid to clinical periodontal examination in the detection of incipient furcation involvement.
